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First Things First

This presentation covers:

e The estimation of the change in groundwater in storage
using groundwater level data

e The methods and use of the Groundwater GIS tool

e Much of this information is covered in more detail in
the California Water Plan Update 2013, Change in
Groundwater in Storage - Appendix E



Overview of Presentation

Introduction
e Background, Goals, and Objectives
e What is Change in Groundwater in Storage?
e Data Types and Availability
Methodology
e The importance of data management and GIS
e Assumptions and Key Concepts

e Workflow Process

Conclusions



Introduction

Background

e Previous efforts to estimate change in groundwater were
inconsistent

Goals and Objectives
e Develop a Transparent, Repeatable, Reliable Process
e Create Standardized Reports
e Applicable Statewide
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Change in Groundwater in Storage

In general, the change in groundwater storage is calculated by multiplying the
difference in groundwater elevation between two monitoring periods, by the area
overlying the groundwater basin, and by the average storativity (specific yield in
an unconfined aquifer).

Change in Groundwater in Storage = (GWE,, — GWE,,) x Overlying Area x Specific Yield

Where:
GWE,, = Groundwater elevation monitoring period one
GWE,, = Groundwater elevation monitoring period two
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* Change in Groundwater in Storage
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ata Types and Availabili

Estimating the change in groundwater in storage
requires three types of data

e Well Data
e Groundwater Level Data
e Hydrogeologic Data



ata Types and Availability
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ata Types and Availabili

Groundwater Level Data
e GW level measurements collected from wells

e A groundwater measurement is:
» A point in space (x, V, z)
- A point in time

« Metadata about the measurement



Availabili

e GWL data is collected at different locations and a different times
. o,
GWL Measurement =

symbol based on
measurement date
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Availability

e Groundwater Level Data

e Hydrograph...groundwater levels over time

Groundwater Level Hydrograph

Groundwater levels vary over time!
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ata Types and Availability

e Groundwater Level Data

e Multi-completion well hydrograph

Groundwater levels vary because
of well construction!

Groundwater Elevation (ft-msl)

Groundwater Level Hydrograph
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ata Types and Availabili

Groundwater Level Data Availability

e There is an abundant amount of GW level measurement
data - over 1.4 million records in the DWR database

e GW level measurement is often unavailable when
applying x, y, z, and time constraints

L5



ata Types and Availabili
Hydrogeologic Data

e Aquifer Properties
» Unconfined aquifer system
e Storage Coefficients
- Specific Yield (S)) is used in unconfined systems

Hydrogeologic data is available for many groundwater
aquifers, but not in a consistent format

Specific Yield range of 0.07 to 0.17 is used




ata Types and Availabili

Groundwater data is widely availably, but...
Varies in location, time, and quality, so...

In some areas groundwater data is not available to
estimate the change in groundwater in storage

15
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Methodology

e The importance of data management and GIS

e Assumptions and Key Concepts
e The Groundwater GIS tool

17
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ata Management anc
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GW level measurement at a single location:

provides some information about current conditions
Repeated measurements at a single location:

provides information about water level changes
Measurements at multiple locations:

provides GWL information for a region
Repeated measurements at multiple locations:

provides GWL change information for a region
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* GIS workflows are used to provide structure to data
management and analysis

* Workflows are repeatable, reliable, transparent

Store and
Manage
Data

Data

Collect

Data

Analysis

DWR Water Data Library, GIS workflow elements used to estimate
CASGEM, and other Data change in groundwater in storage
Collection Programs
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Assumptions and Key Concepts™

e Assumptions are used to simplify complex systems
 Eight Assumptions

e Key Concepts are used to apply rules to geoprocessing
workflows

» Seven Key Concepts
e A few of these are reviewed in the next few slides

e These are discussed in more detail in the CWP 2013
Change in Groundwater in Storage - Appendix E
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Assumptions

There are eight (8) assumptions
1) All data must reside in the DWR Water Data Library*

) Wells are not preselected and all available groundwater level
data is initially considered to be good data

3) Groundwater levels represent unconfined, static, aquifer
conditions

4) Only “spring to spring” changes in groundwater storage are
estimated

5) Groundwater level change is calculated from two water level
measurements in the same well**

6) The l§eographic limit the groundwater basin is delineated and
no changes in groundwater elevations occur at this boundary

7) The geographic limit of available groundwater level data is
delineated

8) Specific Yield values are applied as an average for an entire
Reporting Area™*

*As of 2011 groundwater level data is maintained as part of the CASGEM database
**DWR is currently revising and updating this process 22



Key Concepts

There are seven (7) key concepts

Groundwater Basin and Subbasin Boundaries
Reporting Areas and Non-Reporting Areas

Depth to groundwater and groundwater elevation
Selecting unique groundwater level measurements
Groundwater level surfaces (WSEL and DBGS)
Change in groundwater level

Change in groundwater storage

23



Wells are not preselected

T )
o
*gh TR~ VN
If there are so many wells, whydont ©

we just pick the ones we want to use
ahead of time? i\

WELL
SELECTION CRITERIA COUNT

Number of wells in the database 39,995

wells that have depth and screen 3,989
information

...and Well Completion Reports > 484

And were measured

...between 2005 and 2010 893
...In spring 824
...of 2010 only 719
And are located in the 419
Central Valley
...With perforations in the 296
unconfined aquifer

’| ...And are dedicated Observation 89
wells
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Assumptions and Key Concepts™

e Only yearly “spring to spring” changes in groundwater
storage are estimated

Springtime groundwater levels are most consistent year to year
and typically least affected from pumping wells

Groundwater levels are at their yearly highs

Assures more consistent yearly comparisons
What is “Spring”?
Data collected prior to first irrigation of the year

Data collection dates range from January to May, depending on
the region, year, and collecting agency
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Availability
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e Using “spring” measurements
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e Groundwater level change is calculated from two water level
measurements in the same well

e There is no change in groundwater levels at the edge of the
groundwater basin

e Reporting Areas and Non-Reporting Areas
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27



Assumption

s and Key Concepts
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The Groundwater GIS Tool

A custom tool was developed to estimate change in
GW storage... the Groundwater GIS tool

Basic steps (workflow)
e Query data
e Make groundwater elevation surfaces from two periods
e Estimate the total volume between the two surfaces

e Apply a storage coefticient to convert the total volume to
an estimated amount of groundwater

e Create summary reports of the analysis for each
reporting area

e QA/QC in between each step

29



2a Select GWTR wells ByDATE
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e Groundwater GIS Tool

Query data using GIS based on specific parameters

Parameter

Data Description

Purpose

Geographic Region

Polygon feature

Limits the geographic scope of the query

Date Range Minimum date value and Selects only well data within a specific date range
maximum date value
Target Date Date Selects the water level measurement nearest the
specified target date
Well Depth Depth, in feet Filters wells by depth

Questionable
Measurement Code

Coded values (alphanumeric)

Filters out measurements with specific
measurement quality codes (such as “well is
pumping” or “pumping well nearby”)

Excluded Wells

Table identifying selected wells in
groups using well group codes

Enables filtering wells by group, as listed on the
Excluded Wells table

31
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te r GIS Tool -

* Make groundwater elevation surfaces
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Another Example

® Spring 2005 to Spring 2010
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Preliminary Data — Subject to Revision

Annual Change in GW Storage

Change in Storage (TAF)
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Sacramento Valley 5-21.64: North American Subbasin
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Preliminary Data — Subject to Revision

Annual Chage in GW Storage

Sacramento Valley 5-21.64: North American Subbasin

Reporting Area: 309,500 acres
Non-Reporting Area: 30,800 acres

. Average Change Estimated Change in Storage in TAF
Period in GW Elevati
Spring - Spring n ; evation Assuming Assuming
(feet) S,= 0.07 s, =0.17
2005-2006 4.0 85.6 207.8
2006-2007 -1.2 -25.0 -60.6
2007-2008 -3.0 -65.0 -157.9
2008-2009 -0.7 -15.3 -37.1
2009-2010 0.6 12.3 29.8
2005-2010 (total) -0.3 -7.4 -17.9

Note: GW elevation and change in storage estimates are calculated within reporting area only.
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~Overview of Presentation

Introduction
e Background, Goals, and Objectives
e What is Change in Groundwater in Storage?
e Data Types and Availability
Methodology
e The importance of data management and GIS
e Assumptions and Key Concepts

e Workflow Process

® Conclusions
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Conclusions

To meet the goals of estimating the change in GW in
storage, it was necessary to build custom tools

The GW GIS tool:

e uses a transparent workflow
o effectively queries groundwater level data,

e and can provide complex reports including the change
in groundwater in storage

e is versatile, and can be used for a wide variety of analysis
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Conclusions (cont.)

Data quality and availability is the most important
aspect of estimating the change in GW in storage

The timing of data collection by cooperating agencies
is highly variable

The quality of available data is highly variable

DWR is refining the process of applying storage
coefficients

This project has resulted in many “spin-oft” reports
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/ Well Type Distributionfor 2010 Well Data - Sacramento Valley
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